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(54) SYSTEM AND METHOD FOR RECORDING COMPONENT REPLACEMENT DATA

(57) An assembly (74) for recording rotor blade re-
placement data for a bladed rotor (86) includes an ima-
ging device (78) and a processing system (76). The
imaging device (78) is configured to capture image data
for the bladed rotor (86) including a plurality of rotor
blades (88). The processing system (76) is configured
to identify each of the plurality of rotor blades (88) in-
stalled on thebladed rotor (86) in pre-repair imagedata of
the captured imagedataand storeapre-repair position of
eachof the identifiedplurality of rotorblades (88) installed

on the bladed rotor (86) in the pre-repair image data,
identify each of the plurality of rotor blades (88) installed
on the bladed rotor (86) in post-repair image data and
store a post-repair position of each of the identified
plurality of rotor blades (88) installed on the bladed rotor
(86) in the post-repair image data, and identify at least
one replaced rotor blade installedon thebladed rotor (86)
in the post-repair image data using the pre-repair image
data and the post-repair image data.
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Description

TECHNICAL FIELD

[0001] This disclosure relates generally to systems
andmethods for recording component replacement data
and, more particularly, to recording component replace-
ment data for gas turbine engine rotor blades.

BACKGROUND OF THE ART

[0002] A bladed rotor for an aircraft gas turbine engine
may generally include a plurality of rotor blades distrib-
uted about the bladed rotor. These rotor blades may be
subject to inspection and/or maintenance at various in-
tervals and, in some cases, one or more of the rotor
blades may be replaced with new rotor blades. Various
systems and methods are known in the art for managing
rotor blade inspections and repairs. While these known
systems andmethods have various advantages, there is
still room in the art for improvement.

SUMMARY

[0003] It should be understood that any or all of the
features or embodiments described herein can be used
or combined in any combination with each and every
other feature or embodiment described herein unless
expressly noted otherwise.
[0004] According to an aspect of the present disclo-
sure, an assembly for recording rotor blade replacement
data for a bladed rotor of an aircraft gas turbine engine
includes an imaging device and a processing system.
The imaging device is configured to capture image data
for the bladed rotor. The bladed rotor includes a plurality
of rotor blades. The processing system includes a pro-
cessor in communication with a non-transitory memory
storing instructions,which instructionswhenexecutedby
the processor, cause the processor to identify each of the
plurality of rotor blades installed on the bladed rotor in
pre-repair image data of the captured image data from
the imagingdeviceand storeapre-repair position of each
of the identified plurality of rotor blades installed on the
bladed rotor in the pre-repair image data in the memory,
identify each of the plurality of rotor blades installed on
the bladed rotor in post-repair image data of the captured
image data from the imaging device and store a post-
repair position of each of the identified plurality of rotor
blades installed on the bladed rotor in the post-repair
image data in the memory, and identify at least one
replaced rotor blade of the plurality of rotor blades in-
stalled on the bladed rotor in the post-repair image data
using the pre-repair image data and the post-repair im-
age data.
[0005] In anyof theaspectsor embodiments described
above andherein, the instructions,when executed by the
processor, may further cause the processor to index the
identified at least one replaced rotor blade in a database.

[0006] In anyof theaspectsor embodiments described
above andherein, the instructions,when executed by the
processor, may further cause the processor to store a
usageparameter in thedatabase foreachof the identified
at least one replaced rotor blade.
[0007] In anyof theaspectsor embodiments described
above andherein, the instructions,when executed by the
processor, may further cause the processor to store the
post-repair position in the database for each of the iden-
tified at least one replaced rotor blade.
[0008] In anyof theaspectsor embodiments described
above andherein, the instructions,when executed by the
processor,may further cause theprocessor to identify the
installation position for each of the identified at least one
replaced rotor blade using a reference point of the bladed
rotor.
[0009] In anyof theaspectsor embodiments described
above andherein, the instructions,when executed by the
processor,may further cause theprocessor to identify the
at least one replaced rotor blade using one or more
visually-distinguishing characteristics of each of the at
least one replaced rotor blade. The visually-distinguish-
ing characteristics may include one or more of a rotor
blade coloration, a rotor blade length, or a rotor blade
shape.
[0010] In anyof theaspectsor embodiments described
above andherein, the instructions,when executed by the
processor,may further cause theprocessor to identify the
at least one replaced rotor blade using a machine learn-
ing model.
[0011] In anyof the aspects or embodiments described
above and herein, the at least one replaced rotor blade
may include a new rotor blade and the new rotor blade
was not one of the identified plurality of rotor blades
installed on the bladed rotor in pre-repair image data.
[0012] In anyof theaspectsor embodiments described
above and herein, the at least one replaced rotor blade
may include a reinstalled rotor blade of the plurality of
rotor blades. The at least one replaced rotor blade may
have a first position in the identified plurality of rotor
blades installed on the bladed rotor in pre-repair image
data. The at least one replaced rotor blade may have a
second position in the identified plurality of rotor blades
installed on the bladed rotor in post-repair image data.
The first position may be different than the second posi-
tion.
[0013] In anyof theaspectsor embodiments described
above and herein, the image data may include a single
digital image of the plurality of rotor blades.
[0014] In anyof theaspectsor embodiments described
above and herein, the image data may include a plurality
of digital images of the plurality of rotor blades.
[0015] According to another aspect of the present dis-
closure, a method for recording rotor blade replacement
data for bladed rotor of an aircraft gas turbine engine
includes capturing pre-repair image data of a plurality of
rotor blades installed on a bladed rotor, replacing one or
moreof theplurality of rotor blades installedon thebladed
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rotor, capturing post-repair image data of a plurality of
rotor blades installed on a bladed rotor subsequent to
replacing the one or more of the plurality of rotor blades
on thebladed rotor, identifying,withaprocessing system,
eachof the plurality of rotor blades installedon thebladed
rotor in post-repair image data, and recording blade
replacement data for the plurality of rotor blades by
identifying, with the processing system, at least one
replaced rotor blade of the plurality of rotor blades in-
stalled on the bladed rotor in the post-repair image data
using the pre-repair image data and the post-repair im-
age data and indexing the identified at least one replaced
rotor blade in a database.
[0016] In anyof theaspectsor embodiments described
above and herein, recording the blade replacement data
may further include storing a usage parameter in the
database for each of the identified at least one replaced
rotor blade.
[0017] In anyof theaspectsor embodiments described
above and herein, recording the blade replacement data
may further include storing an installation position in the
database for each of the identified at least one replaced
rotor blade.
[0018] In anyof theaspectsor embodiments described
above and herein, the method may further include iden-
tifying one or more failed rotor blades of the plurality of
rotor blades subsequent to capturing the pre-repair im-
age data and prior to capturing the post-repair image
data.
[0019] In anyof theaspectsor embodiments described
above and herein, replacing the one or more of the
plurality of rotor blades installed on the bladed rotor
includes replacing the one or more failed rotor blades.
[0020] According to another aspect of the present dis-
closure, an assembly for recording component replace-
ment data for a component assembly of an aircraft gas
turbine engine includes an imaging device and a proces-
sing system. The imaging device is configured to capture
imagedata for the component assembly. The component
assembly includes a plurality of components. The pro-
cessing system including a processor in communication
with a non-transitory memory storing instructions, which
instructions when executed by the processor, cause the
processor to identify each of the plurality of components
installed on the component assembly in pre-repair image
data of the captured image data from the imaging device
and store, identify each of the plurality of components
installed on the component assembly in post-repair im-
age data of the captured image data from the imaging
device, and record component replacement data for the
plurality of components by identifying at least one re-
placed component of the plurality of components in-
stalled on the component assembly in the post-repair
image data using the pre-repair image data and the post-
repair image data and indexing the identified at least one
replaced component in a database of the memory.
[0021] In anyof theaspectsor embodiments described
above andherein, the instructions,when executed by the

processor, may further cause the processor to store a
usageparameter in thedatabase foreachof the identified
at least one replaced components.
[0022] In anyof theaspectsor embodiments described
above and herein, the at least one replaced component
may include a new component and the new component
was not one of the identified plurality of components
installed on the component assembly in pre-repair image
data.
[0023] In anyof theaspectsor embodiments described
above and herein, the at least one replaced component
may include a reinstalled component of the plurality of
components. The at least one replaced component may
have a first position in the identified plurality of compo-
nents installed on the component assembly in pre-repair
image data. The at least one replaced component may
have a second position in the identified plurality of com-
ponents installed on the component assembly in post-
repair image data. The first positionmay be different than
the second position.
[0024] The present disclosure, and all its aspects,
embodiments and advantages associated therewith will
become more readily apparent in view of the detailed
description provided below, including the accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025]

FIG. 1 schematically illustrates a cutaway, side view
of a gas turbine engine for an aircraft propulsion
system, in accordance with one or more embodi-
ments of the present disclosure.

FIG. 2 illustrates perspective viewof a rotor including
a bladed disk, in accordance with one or more em-
bodiments of the present disclosure.

FIG. 3 schematically illustrates a blade tracking as-
sembly, in accordance with one or more embodi-
ments of the present disclosure.

FIG. 4 illustrates a block diagramdepicting amethod
for tracking blades for a bladed disk, in accordance
with one or more embodiments of the present dis-
closure.

FIGS. 5A-C illustrate views of a portion of a bladed
disk for a blade replacement sequence, in accor-
dance with one or more embodiments of the present
disclosure.

FIGS. 6A-C illustrate views of a portion of a bladed
disk for another blade replacement sequence, in
accordance with one or more embodiments of the
present disclosure.
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DETAILED DESCRIPTION

[0026] FIG. 1 schematically illustrates a gas turbine
engine 20. The gas turbine engine 20 of FIG. 1 is a multi-
spool turbofan gas turbine engine for an aircraft propul-
sion system. However, while the following description
and accompanying drawings may refer to the turbofan
gas turbine engine 20 of FIG. 1 as an example, it should
beunderstood that aspectsof thepresent disclosuremay
be equally applicable to other types of gas turbine en-
gines including, but not limited to, a turboshaft gas turbine
engine, a turboprop gas turbine engine, a turbojet gas
turbine engine, a propfan gas turbine engine, or an open
rotor gas turbine engine. Moreover, the present disclo-
sure may also be equally applicable to rotational equip-
ment other than gas turbine engines.
[0027] The gas turbine engine 20 of FIG. 1 includes a
fan section 22, a compressor section 24, a combustor
section 26, and a turbine section 28. For example, the
compressor section 24 of FIG. 1 includes a low-pressure
compressor (LPC) 30 and a high-pressure compressor
(HPC) 32, the combustor section 26 includes a combus-
tor 34 (e.g., an annular combustor), and the turbine
section 28 includes a high-pressure turbine (HPT) 36
and a low-pressure turbine (LPT) 38.
[0028] The gas turbine engine 20 sections 22, 24, 28
form a first rotational assembly 40 (e.g., a high-pressure
spool) and a second rotational assembly 42 (e.g., a low-
pressure spool) of the gas turbine engine 20. The first
rotational assembly 40 and the second rotational assem-
bly 42 are mounted for rotation about a rotational axis 44
(e.g., an axial centerline of the gas turbine engine 20)
relative to the engine static structure 46 of the gas turbine
engine 20. The engine static structure 46 may include
one or more engine cases, cowlings, bearing assem-
blies, and/or other non-rotating structures configured to
house and/or support components of the gas turbine
engine 20 sections 22, 24, 26, 28.
[0029] The first rotational assembly 40 includes a first
shaft 48, a bladed first compressor rotor 50 for the high-
pressure compressor 32, and a bladed first turbine rotor
52 for the high-pressure turbine 36. The first shaft 48
interconnects the bladed first compressor rotor 50 and
the bladed first turbine rotor 52.
[0030] The second rotational assembly 42 includes a
secondshaft 54, abladedsecondcompressor rotor 56 for
the low-pressure compressor 30, and a bladed second
turbine rotor 58 for the low-pressure turbine 38. The
second shaft 54 interconnects the bladed second com-
pressor rotor 56 and the bladed second turbine rotor 58.
The second shaft 54 of FIG. 1 additionally interconnects
the bladed second compressor rotor 56 and the bladed
second turbine rotor 58 with a bladed fan rotor 60 for the
fan section 22. The second shaft 54 may alternatively be
coupled to the bladed fan rotor 60 (e.g., an input shaft of
the bladed fan rotor 60) by a reduction gear assembly
configured to drive the bladed fan rotor 60 at a reduced
rotational speed relative to the second shaft 54.

[0031] In operation of the gas turbine engine 20 of FIG.
1, ambient air is directed through the fan section 22 and
into a core flow path 62 and a bypass flow path 64 by
rotation of the bladed fan rotor 60. Airflow along the core
flow path 62 is compressed by the low-pressure com-
pressor 30 and the high-pressure compressor 32, mixed
and burned with fuel in the combustor 34, and then
directed through the high-pressure turbine 36 and the
low-pressure turbine 38. The bladed first turbine rotor 52
and the bladed second turbine rotor 58 rotationally drive
the first rotational assembly 40 and the second rotational
assembly 42, respectively, in response to the combustion
gas flow through the high-pressure turbine 36 and the
low-pressure turbine38. Thefirst shaft 48and thesecond
shaft 54 are concentric and rotate about the rotational
axis 44. The present disclosure, however, is not limited to
concentric configurations of the first shaft 48 and the
second shaft 54 and the first shaft 48 and the second
shaft 54 may alternatively be configured for rotation
about discrete rotational axes.
[0032] FIG. 2 illustrates a perspective view of an ex-
emplary configuration of a bladed rotor 66. The bladed
rotor 66 of FIG. 2 may be similar to the bladed rotors 50,
52, 56, 58, 60 of the gas turbine engine 20 of FIG. 1. The
bladed rotor 66 of FIG. 2 includes a disk 68 and a plurality
of blades 70. The disk 68 extends circumferentially about
(e.g., completely around) an axial centerline 72 (e.g., a
rotational axis). The plurality of blades 70 are circumfer-
entially distributed about the disk 68. The plurality of
blades 70 are mounted to the disk 68 (e.g., to a radial
periphery of the disk 68). For example, each of the
plurality of blades 70 may be positioned within an axially
extending slot (e.g., a dovetail slot) formedby thedisk 68.
The present disclosure, however, is not limited to any
particularmountingconfigurationof theplurality of blades
70 on the disk 68.
[0033] After a duration of bladed rotor operation (e.g.,
operation of the bladed rotors 50, 52, 56, 58, 60of the gas
turbine engine 20 of FIG. 1), periodic inspections or
maintenancemaybeperformed to evaluate and/or repair
the rotor bladesof a bladed rotor.Maintenancepersonnel
may inspect the rotor blades to identify any rotor blades
which have failed andmay require replacement with new
rotor blades. During this process, some or all of the rotor
blades may be removed from a rotor disk of the bladed
rotor. Some or all of the removed rotor blades may be
identified as acceptable for continued operation, but
these removed rotor blades may be reinstalled onto
the rotor disk at different positions (e.g., different circum-
ferential slot positions). In some cases, rotor blades may
not be serialized. For example, rotor blades may not
include serial numbers, barcodes, or other visually iden-
tifiable markings to facilitate identification of individual
blades by maintenance personnel. Additionally or alter-
natively, the installation positions of rotor blades on the
rotor disk may not be recorded by maintenance person-
nel subsequent to installation of the new or otherwise
acceptable rotor blades. Because the rotor blades for a
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bladed rotor may be tracked during installation, removal,
repair, and/or inspection, it may be difficult to accurately
determine how long a particular rotor blade has been in
operational use on a bladed rotor.
[0034] FIG. 3 illustrates a block diagram depicting a
component tracking assembly 74 for recording compo-
nent replacement data. The component tracking assem-
bly 74 of FIG. 3 includes a processing system 76 and an
imaging device 78. FIG. 3 additionally illustrates a com-
ponent assembly including a plurality of components.
The component tracking assembly 74 of FIG. 3 is con-
figured to capture and process image data associated
with the component assembly, as will be discussed in
further detail. The component assembly of FIG. 3 in-
cludes a bladed rotor 86 having a plurality of blades 88
(e.g., components) installed on a rotor disk 90. The
bladed rotor 86 may have a configuration similar to the
bladed rotors 50, 52, 56, 58, 60 66 described above. The
present disclosure, however, is not limited to the use of
the component tracking assembly 74 for a component
assembly including a bladed rotor.
[0035] Theprocessing system76 includes aprocessor
80 connected in signal communication with memory 82.
The processor 80 may include any type of computing
device, computational circuit, processor(s), CPU, com-
puter, or the like capable of executing a series of instruc-
tions that are stored in the memory 82. Instructions can
be directly executable or can be used to develop execu-
table instructions. For example, instructions can be rea-
lized as executable or non-executable machine code or
as instructions in a high-level language that can be
compiled to produce executable or non-executable ma-
chine code. Further, instructions also can be realized as
or can include data. Computer-executable instructions
also can be organized in any format, including routines,
subroutines, programs, data structures, objects, mod-
ules, applications, applets, functions, etc. The instruc-
tions may include an operating system, and/or execu-
table software modules such as program files, system
data, buffers, drivers, utilities, and the like. The execu-
table instructions may apply to any functionality de-
scribed herein to enable the component tracking assem-
bly 74 to accomplish the same algorithmically and/or by
coordination of components of the component tracking
assembly 74. The memory 82 may include a single
memory device or a plurality of memory devices (e.g.,
a computer-readable storage device that can be read,
written, or otherwise accessed by a general purpose or
special purpose computing device, including any proces-
sing electronics and/or processing circuitry capable of
executing instructions). The present disclosure is not
limited to any particular type of memory device, which
may be non-transitory, and may include read-only mem-
ory, random access memory, volatile memory, non-vola-
tile memory, static memory, dynamic memory, flash
memory, cachememory, volatile or non-volatile semicon-
ductor memory, optical disk storage, magnetic disk sto-
rage, magnetic tape, other magnetic storage devices, or

any othermediumcapable of storing one ormore instruc-
tions, and/or any device that stores digital information.
The memory device(s) may be directly or indirectly
coupled to the processing system 76. The processing
system76may include, ormaybe in communicationwith,
an input device that enables a user to enter data and/or
instructions, and may include, or be in communication
with, an output device configured, for example to display
information (e.g., a visual display or a printer), or to
transfer data, etc. Communications between the proces-
sing system 76 and other electrical and/or electronic
components (e.g., controllers, sensors, etc.) may be
via a hardwire connection or via a wireless connection.
A person of skill in the art will recognize that portions of
the processing system 76 may assume various forms
(e.g., digital signal processor, analog device, etc.) cap-
able of performing the functions described herein. The
processing system 76may be a single electronic proces-
sing unit or, alternatively, may be formed by a plurality of
discrete electronic processing units, which discrete elec-
tronic control units may be connected in signal commu-
nication with one another.
[0036] The instructions stored in memory 82 may in-
clude, for example, a machine learning algorithm (e.g., a
machine learning model) to identify particular rotor
bladesor other components using visually-distinguishing
characteristics of the rotor blades or other components.
For example, the machine learning algorithm may be
trained using historical image data of a bladed rotor
including a plurality of rotor blades (e.g., the bladed rotor
66 of FIG. 2). Visually-distinguishing characteristics of
the rotor blades may be flagged (e.g., manually identi-
fied) to facilitate training of the machine learning algo-
rithm. Visually-distinguishing characteristics of the rotor
blades may include, but are not limited to, rotor blade
coloration, rotor blade length, and/or rotor blade shape.
Rotor blade coloration, length, and shape may vary over
the course of a rotor blade life cycle, for example, due to
high-temperature exposure, corrosion, and erosion, but
mayprovide uniquely identifiable characteristics for iden-
tifying each rotor blade and distinguishing each rotor
blade from other rotor blades (e.g., rotor blades installed
on a same rotor disk).
[0037] Thememory82may includeadatabase84.The
database 84 may be configured for storing and/or index-
ing image data and other characteristic data (e.g., com-
ponent installation position, component age, component
operational time, etc.) for rotor blades or other compo-
nents.
[0038] The imaging device 78 is configured to capture
image data (e.g., one or more digital images) of a com-
ponent assembly and transmit or otherwise provide the
captured image data to the processing system 76. The
imaging device 78 may be connected in signal commu-
nicationwith the processing system76 throughanywired
or wireless connection to transmit the captured image
data to the processing system76. The imaging device 78
may include one or more cameras or other optical ima-
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ging devices configured to generate an output signal
(e.g., image data) representative of optical characteris-
tics of components of the component assembly. The
imaging device 78 may additionally be configured with
a polarizing filter and/or other optical filters to reduce
glare, improve contrast for image features of interest,
and/or to otherwise improve image data quality. The
present disclosure, however, is not limited to any parti-
cular configuration of the imaging device 78.
[0039] Referring to FIGS. 3 and 4, a Method 400 for
recording component replacement data is provided. FIG.
4 illustrates a flowchart for the Method 400. The Method
400 will be described herein with respect to the compo-
nent tracking assembly 74 and the bladed rotor 86. The
processing system 76 (e.g., the processor 80) may be
used to execute or control one or more steps of the
Method 400 for recording component replacement data
for the bladed rotor 86. For example, the processor 80
may execute instructions stored in memory 82, thereby
causing the processing system 76 and/or its processor
80 to execute or otherwise control one or more steps of
the Method 400. However, it should be understood that
the Method 400 is not limited to use with the component
tracking assembly 74 or the bladed rotor 86. Unless
otherwise noted herein, it should be understood that
the steps ofMethod 400 are not required to be performed
in the specific sequence in which they are discussed
below and, in some embodiments, the steps of Method
400 may be performed separately or simultaneously.
[0040] Step 402 includes capturing imaging data for
the bladed rotor 86 and its installed rotor blades 88, for
example, by maintenance personnel using the imaging
device 78. The image datamay be captured prior to or as
an initial or early step of a maintenance or inspection
process for the bladed rotor 86. This captured imagedata
may be referred to herein as "pre-repair image data." The
pre-repair image data captured by the imaging device 78
may be transmitted from the imaging device 78 to the
processing system 76 and stored, for example, in the
database84. Thepre-repair imagedatamaybe captured
using a single digital image of the bladed rotor 86 and its
rotor blades 88 (e.g., the entire bladed rotor 86 and rotor
blades 88). Alternatively, the pre-repair image data may
be captured using a plurality of digital images of portions
of the bladed rotor and its rotor blades 88.
[0041] FIGS. 5A-C and 6A-C illustrate a circumferen-
tial portion of the bladed rotor 86 for different sequences
of at least some of the steps of the Method 400. The
portion of the bladed rotor 86 of FIGS. 5A-C and 6A-C
includes the rotor blades 88A-G. The rotor disk 90 of
FIGS. 5A-C and 6A-C includes a reference point 92. The
reference point 92 is amarking on the rotor disk 90which
may be identified by the processing system 76 using the
image data captured for the bladed rotor 86. The refer-
ence point 92 may be formed by machined, engraved,
colored, marked, or otherwise visually distinguishable
portion of the rotor disk 90. The position of the reference
point 92 may be used by the processing system 76 to

identify the circumferential position of each of the rotor
blades 88. For example, the processing system 76 may
identify a circumferential position of each of the rotor
blades 88 on the rotor disk 90 relative to the circumfer-
ential position of the reference point 92. The processing
system 76 may identify each of the rotor blades 88 (e.g.,
the rotor blades 88A-G) using the pre-repair image data.
The processing system 76 may index each of the identi-
fied rotor blades 88 in the database 84 and store, assign,
tag, or otherwise identify characteristic data for each of
the rotor blades 88 to the respective rotor blade indexed
in the database 84. For example, the processing system
76 identify a location (e.g., a circumferential location
relative to the reference point 92) for each of the indexed
rotor blades in thedatabase84.For rotor blades88which
havepreviously been identifiedby theprocessing system
76, the rotor blades 88 may already be indexed in the
database 84.
[0042] Step 404 includes identifying one ormore failed
rotor blades 94 of the rotor blades 88 for the bladed rotor
86. The rotor blades 88 may be inspected while installed
on the rotor disk 90 andoneormore of the rotor blades88
maybe identified (e.g., bymaintenancepersonnel) as the
failed rotor blades 94. For example, the rotor blades 88A,
88D, and 88F of FIG. 5A may be identified as failed rotor
blades 94 and may be removed from the rotor disk 90 as
shown, for example, in FIG. 5B. The other rotor blades
88B, 88C, 88E, and 88G may be identified (e.g., by
maintenance personnel) as acceptable for continued
operation. Alternatively, with reference to FIGS. 6A-B,
the rotor blades88 (e.g., all of the rotor blades88)maybe
removed from the rotor disk 90 and subsequently in-
spected while removed from the rotor disk 90. One or
more of the removed rotor blades 88may be identified as
failed rotor blades 94. The failed rotor blades 94 may be
identified, for example, based on visual inspection, mea-
surement, or other qualification process identifying that a
shape, size, and/or material condition of a rotor blade
does not conform to predetermined acceptance criteria
or the rotor blade otherwise appears to be unacceptable
for continued operation.
[0043] Step 406 includes replacing the rotor blades 88
on the rotor disk 90 to fully assemble the bladed rotor 86.
For example, the failed rotor blades 94 removed from the
rotor disk 90 may be replaced by new rotor blades 96 of
the rotor blades 88, as shown in FIGS. 5B-C. Rotor
blades 88 which have been accepted for continued
use may be installed on the rotor disk 90 in addition to
new rotor blades 96, as shown in FIGS. 6B-C. However,
the rotor blades 88 which have been accepted for con-
tinued usemay be installed into circumferential positions
which are different than the circumferential positions of
these rotor blades 88 prior to removal (e.g., in the pre-
repair image data).
[0044] Step 408 includes capturing imaging data for
the bladed rotor 86 and its installed rotor blades 88
subsequent to installation of the rotor blades 88 including
any new rotor blades 96, for example, by maintenance
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personnel using the imaging device 78. This captured
image data may be referred to herein as "post-repair
image data." The post-repair image data captured by
the imaging device 78 may be transmitted from the
imaging device 78 to the processing system 76 and
stored, for example, in the database 84. The post-repair
image data may be captured using a single digital image
of the bladed rotor 86 and its rotor blades 88 (e.g., the
entire bladed rotor 86 and rotor blades 88). Alternatively,
the post-repair image data may be captured using a
plurality of digital images of portions of the bladed rotor
and its rotor blades 88.
[0045] Step 410 includes identifying each of the rotor
blades 88 and their respective positions (e.g., circumfer-
ential positions) on the rotor disk 90. In particular, the
processingsystem76 (e.g., executing themachine learn-
ing algorithm discussed above) may identify replaced
rotor blades of the rotor blades 88 using the pre-repair
image data and the post-repair image data. The replaced
rotor blades include the new rotor blades 94. The re-
placed rotor blades also include rotor blades 88 which
have been installed in a new position (e.g., circumfer-
ential position) on the rotor disk 94, relative to their
position in the pre-repair image data. The processing
system 76 may identify a quantity and a position (e.g.,
circumferential position) of the replaced rotor blades
using the pre-repair image data and the post-repair im-
age data. The processing system 76 may index each of
the new rotor blades 94 in the database 84. The proces-
sing system 76 may index each of the identified rotor
blades 88 in the database 84 and store, assign, tag, or
otherwise identify characteristic data for each of the rotor
blades 88 to the respective rotor blade indexed in the
database 84. In particular, the processing system76may
update the database 84 to include the position of each of
the rotor blades 88 installed on the rotor disk 90 in the
post-repair image data. Each of the rotor blades 88
installed on the rotor disk 90 may be identified by the
respective visually identifiable markings of each of the
rotor blades 88, and the indexed rotor blades in the
database84corresponding to the respective rotor blades
88 on the rotor disk 90 may be updated to include the
current position of the respective rotor blades 88 on the
rotor disk 90. For example, for oneof the new rotor blades
94, the new rotor blade 94 may be indexed in the data-
base84and theposition of the new rotor blade94maybe
assigned for the new rotor blade 94 in the database 84.
For one of the rotor blades 88 which has been removed
and reinstalled on the rotor disk 90, the position of the
rotor blade 88 may be updated in the database 84 to
include its new position.
[0046] Step 412 includes identifying a usage para-
meter for each of the rotor blades 88 installed on the
rotor disk 90. The usage parametermay be, for example,
an age of each rotor blade 88 (e.g., a time since rotor
blade 88 manufacture), a cumulative amount of time in
which each rotor blade 88 has been installed on the rotor
disk 90 (or multiple rotor disks 90 if the rotor blade 88 has

previously been installed on another rotor disk 90), a
cumulative amount of operational time in which each
rotor blade 88 has been installed on the rotor disk 90
(or multiple rotor disks 90 if the rotor blade 88 has pre-
viously been installed on another rotor disk 90), or an-
other usage parameter which may be used to determine
life-cycle depletion of each rotor blade 88. The identified
usage parameter for each of the rotor blades 88 installed
on the rotor disk 90may be updatedwith each inspection
and/or replacement cycle for the bladed rotor 86. The
identified usageparameter for eachof the rotor blades88
may be used to more accurately identify when the rotor
blades 88 are likely to require replacement. Tracking the
identified usageparameter for eachof the rotor blades88
may further facilitate development of reliability data (e.g.,
how long a rotor blade 88 may be operationally used, on
average, prior to failure) for particular models, part num-
bers, and other configurations of the bladed rotor 86 and
its rotor blades 88.
[0047] While the principles of the disclosure have been
described above in connection with specific apparatuses
and methods, it is to be clearly understood that this
description is made only by way of example and not as
limitation on the scope of the disclosure. Specific details
are given in the above description to provide a thorough
understanding of the embodiments. However, it is under-
stood that the embodiments may be practiced without
these specific details.
[0048] It is noted that the embodiments may be de-
scribed as a process which is depicted as a flowchart, a
flow diagram, a block diagram, etc. Although any one of
these structures may describe the operations as a se-
quential process, many of the operations can be per-
formed in parallel or concurrently. In addition, the order of
the operations may be rearranged. A process may cor-
respond to a method, a function, a procedure, a subrou-
tine, a subprogram, etc.
[0049] The singular forms "a," "an," and "the" refer to
one or more than one, unless the context clearly dictates
otherwise. For example, the term "comprising a speci-
men" includes single or plural specimens and is consid-
ered equivalent to the phrase "comprising at least one
specimen." The term "or" refers to a single element of
stated alternative elements or a combination of two or
moreelements unless the context clearly indicates other-
wise. As used herein, "comprises" means "includes."
Thus, "comprising A or B," means "including A or B, or
A and B," without excluding additional elements.
[0050] It is noted that various connections are set forth
between elements in the present description and draw-
ings (the contents of which are included in this disclosure
by way of reference). It is noted that these connections
are general and, unless specified otherwise, may be
direct or indirect and that this specification is not intended
to be limiting in this respect. Any reference to attached,
fixed, connected or the like may include permanent,
removable, temporary, partial, full and/or any other pos-
sible attachment option.
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[0051] No element, component, or method step in the
present disclosure is intended to be dedicated to the
public regardless of whether the element, component,
or method step is explicitly recited in the claims. No claim
element herein is to be construed under the provisions of
35 U.S.C. 112(f) unless the element is expressly recited
using the phrase "means for." As used herein, the terms
"comprise", "comprising", or any other variation thereof,
are intended to cover anon-exclusive inclusion, such that
a process,method, article, or apparatus that comprises a
list of elements does not include only those elements but
may include other elements not expressly listed or in-
herent to such process, method, article, or apparatus.
[0052] While various inventive aspects, concepts, and
features of the disclosures may be described and illu-
strated herein as embodied in combination in the exemp-
lary embodiments, these various aspects, concepts, and
features may be used in many alternative embodiments,
either individually or in various combinations and sub-
combinations thereof. Unless expressly excluded herein
all such combinations and sub-combinations are in-
tended to be within the scope of the present application.
Still further, while various alternative embodiments as to
the various aspects, concepts, and features of the dis-
closures--such as alternative materials, structures, con-
figurations, methods, devices, and components, and so
on--may be described herein, such descriptions are not
intended to be a complete or exhaustive list of available
alternative embodiments, whether presently known or
later developed. Thoseskilled in theartmay readily adopt
one or more of the inventive aspects, concepts, or fea-
tures into additional embodiments and uses within the
scope of the present application even if such embodi-
ments are not expressly disclosed herein. For example,
in the exemplary embodiments described above within
the Detailed Description portion of the present specifica-
tion, elements may be described as individual units and
shown as independent of one another to facilitate the
description. In alternative embodiments, such elements
may be configured as combined elements.

Claims

1. An assembly (74) for recording rotor blade replace-
ment data for bladed rotor (86) of an aircraft gas
turbine engine (20), the assembly (74) comprising:

an imaging device (78) configured to capture
image data for the bladed rotor (86), the bladed
rotor (86) including a plurality of rotor blades
(88); and
a processing system (76) including a processor
(80) in communication with a non-transitory
memory (82) storing instructions, which instruc-
tions when executed by the processor (80),
cause the processor (80) to:

identify each of the plurality of rotor blades
(88) installed on the bladed rotor (86) in pre-
repair image data of the captured image
data from the imaging device (78) and store
a pre-repair position of each of the identified
plurality of rotor blades (88) installed on the
bladed rotor (86) in the pre-repair image
data in the memory (82);
identify each of the plurality of rotor blades
(88) installed on the bladed rotor (86) in
post-repair image data of the captured im-
age data from the imaging device (78) and
store a post-repair position of each of the
identified plurality of rotor blades (88) in-
stalled on the bladed rotor (86) in the
post-repair image data in the memory
(82); and
identify at least one replaced rotor blade of
the plurality of rotor blades (88) installed on
the bladed rotor (86) in the post-repair im-
age data using the pre-repair image data
and the post-repair image data.

2. The assembly (74) of claim 1, wherein the instruc-
tions, when executed by the processor (80), further
cause the processor (80) to index the identified at
least one replaced rotor blade in a database (84).

3. The assembly (74) of claim 1 or 2, wherein the
instructions, when executed by the processor (80),
further cause the processor (80) to store a usage
parameter in the database (84) for each of the iden-
tified at least one replaced rotor blade.

4. Theassembly (74)of anyof claims1 to3,wherein the
instructions, when executed by the processor (80),
further cause the processor (80) to store the post-
repair position in the database (84) for each of the
identified at least one replaced rotor blade.

5. The assembly (74) of any preceding claim, wherein
the instructions, when executed by the processor
(80), further cause the processor (80) to identify the
installation position for each of the identified at least
one replaced rotor blade using a reference point (92)
of the bladed rotor (86).

6. The assembly (74) of any preceding claim, wherein
the instructions, when executed by the processor
(80), further cause the processor (80) to identify the
at least one replaced rotor blade using one or more
visually-distinguishing characteristics of each of the
at least one replaced rotor blade, and the visually-
distinguishing characteristics include one or more of
a rotor blade coloration, a rotor blade length, or a
rotor blade shape.

7. The assembly (74) of any preceding claim, wherein
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the instructions, when executed by the processor
(80), further cause the processor (80) to identify the
at least one replaced rotor blade using a machine
learning model.

8. The assembly (74) of any preceding claim, wherein
the at least one replaced rotor blade includes a new
rotor blade (96) and the new rotor blade (96) was not
one of the identified plurality of rotor blades (88)
installed on the bladed rotor (86) in pre-repair image
data.

9. The assembly (74) of any preceding claim, wherein
the at least one replaced rotor blade includes a
reinstalled rotor blade of the plurality of rotor blades
(88), the at least one replaced rotor blade has a first
position in the identified plurality of rotor blades (88)
installed on the bladed rotor (86) in pre-repair image
data, the at least one replaced rotor blade has a
second position in the identified plurality of rotor
blades (88) installed on the bladed rotor (86) in
post-repair image data, and the first position is dif-
ferent than the second position.

10. The assembly (74) of any preceding claim, wherein:

the image data includes a single digital image of
the plurality of rotor blades (88); or
the image data includes a plurality of digital
images of the plurality of rotor blades (88).

11. Amethod for recording rotor blade replacement data
for bladed rotor (86) of an aircraft gas turbine engine
(20), the method comprising:

capturing pre-repair image data of a plurality of
rotor blades (88) installed on a bladed rotor (86);
replacing one or more of the plurality of rotor
blades (88) installed on the bladed rotor (86);
capturing post-repair image data of a plurality of
rotor blades (88) installed on a bladed rotor (86)
subsequent to replacing the one or more of the
plurality of rotor blades (88) on the bladed rotor
(86);
identifying, with a processing system (76), each
of the plurality of rotor blades (88) installed on
the bladed rotor (86) in post-repair image data;
and
recording blade replacement data for the plur-
ality of rotor blades (88) by identifying, with the
processing system (76), at least one replaced
rotor blade of the plurality of rotor blades (88)
installed on the bladed rotor (86) in the post-
repair image data using the pre-repair image
data and the post-repair image data and index-
ing the identified at least one replaced rotor
blade in a database (84).

12. Themethod of claim 11, wherein recording the blade
replacement data further includes:

storing a usage parameter in the database (84)
for each of the identified at least one replaced
rotor blade; and/or
storing an installation position in the database
(84) for each of the identified at least one re-
placed rotor blade.

13. The method of claim 11 or 12, further comprising
identifying one or more failed rotor blades (94) of the
plurality of rotor blades (88) subsequent to capturing
the pre-repair image data and prior to capturing the
post-repair image data, optionally wherein replacing
the one or more of the plurality of rotor blades (88)
installed on the bladed rotor (86) includes replacing
the one or more failed rotor blades (94).

14. An assembly (74) for recording component replace-
ment data for a component assembly (86) of an
aircraft gas turbine engine (20), the assembly (74)
comprising:

an imaging device (78) configured to capture
image data for the component assembly (86),
the component assembly (86) including a plur-
ality of components (88); and
a processing system (76) including a processor
(80) in communication with a non-transitory
memory (82) storing instructions, which instruc-
tions when executed by the processor (80),
cause the processor (80) to:

identify each of the plurality of components
(88) installed on the component assembly
(86) in pre-repair imagedataof the captured
image data from the imaging device (78)
and store;
identify each of the plurality of components
(88) installed on the component assembly
(86) in post-repair image data of the cap-
tured image data from the imaging device
(78); and
record component replacement data for the
pluralityof components (88)by identifyingat
least one replaced component of the plur-
ality of components (88) installed on the
component assembly (86) in the post-repair
image data using the pre-repair image data
and the post-repair image data and index-
ing the identified at least one replaced com-
ponent in a database (84) of the memory
(82).

15. The assembly (74) of claim 14, wherein:

the instructions, when executed by the proces-
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sor (80), further cause the processor (80) to
store a usage parameter in the database (84)
for each of the identified at least one replaced
components (88);
the at least one replaced component includes a
new component (96) and the new component
(96) was not one of the identified plurality of
components (88) installed on the component
assembly (86) in pre-repair image data; and/or
the at least one replaced component includes a
reinstalled component of the plurality of compo-
nents (88), the at least one replaced component
has a first position in the identified plurality of
components (88) installed on the component
assembly (86) in pre-repair image data, the at
least one replaced component has a second
position in the identified plurality of components
(88) installed on the component assembly (86)
in post-repair imagedata, and the first position is
different than the second position.
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